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Summary 
Midazolam is a short acting sedative with small number of 
adverse effects. Administered orally, it is currently the most 
common form of conscious sedation in children. The objective of 
this paper is to describe effect of midazolam administered to 
children during dental treatment on their vital signs, and to 
monitor changes in children’s behavior. We described values of 
vital signs and behavior in 418 sedations conducted in 
272 children between 1-12 years of age. To achieve the following 
results, we used data from 272 all first-time sedations. After 
administration of midazolam arterial blood pressure and blood 
oxygen saturation decreased by values which were not clinically 
significant. The heart rate increased, with values staying within 
the limits of physiological range. The speed of onset of 
midazolam’s clinical effects depends on age and dose. The lower 
age and dose correlated with the higher behavior score. The 
effectiveness of midazolam treatment is 97.8 %. Unwillingness of 
child to receive midazolam is predictor for disruptive behavior 
during sedation. 1.8 % of all sedation cases showed paradoxical 
reactions. The administration of midazolam in dose of 0.5 mg per 
1 kg of child’s body weight is safe and could be recommended 
for dental treatment in pediatric dentistry. 
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Introduction 
 

Midazolam is a substance belonging to the 
chemical family of imidazobenzodiazepines, synthetized 
by Fryer and Walser in 1976 (Walser et al. 1978). It is 
a colorless substance with a bitter taste, has poor 
solubility in water and becomes lipophilic at pH>4. It is 
the imidazole ring that is responsible for the stability of 
midazolam in aqueous solutions and its rapid metabolism. 
This substance has a favorable ratio between wanted 
effects and adverse side effects. It has sedative, 
anterograde amnesic, central myorelaxant, hypnotic, 
anticonvulsant and anxiolytic effects (Kupietzky and 
Houpt 1993). These effects are caused by midazolam’s 
nearly 2 times greater affinity to inhibitory GABA 
receptors than diazepam (Gerecke 1983). Among the 
adverse side effects of midazolam are diplopia, hiccups, 
loss of coordination and paradoxical reactions. Typical 
paradoxical reactions are agitation, excitation, and 
aggression towards people around them. When such 
a reaction occurs, administration of the antidote 
flumazenil is indicated (Davies et al. 1990). The exact 
mechanism behind the so called “angry child syndrome” 
remains unknown. Loss of a child’s self-control due to 
the inhibitory effect of benzodiazepines is the most 
commonly considered cause. In some individuals, 
a similar reaction may be triggered by alcohol 
consumption. Another mechanism could be the reduction 
in serotonin transfer caused by benzodiazepines, where 
the subsequent reduction in serotonin triggers aggression 
(Mancuso et al. 2004). Midazolam was first used as 
a treatment of convulsions in children for its 
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anticonvulsant properties (De Jong and Bonin 1984). 
Later, its sedative effects were used in indicated cases for 
premedication and sedation in pediatrics (Hronova et al. 
2016). The method of treatment in which an adequate 
dose of a chemical substance is administered a certain 
time before an intervention and leads to sedation with 
maintained consciousness and protective reflexes is 
called conscious sedation (Craig and Wildsmith 2007). 
Depending on the administered drug, the patient must be 
prepared in terms of fasting and restricted liquid intake. It 
pharmacologically affects consciousness levels, hence 
perception, while protective reflexes remain preserved. It 
allows the airways to remain open so that patients can 
breathe independently, and thanks to preserved 
consciousness they can also react to physical and verbal 
stimuli. The duration of sedation depends on the 
respective sedative, route of administration and 
administered dose; this is associated with possible side 
effects.  

Conscious sedation by midazolam has been used 
in dentistry since the late 1980s (Giovannitti 1987).  
The oral, intravenous, intranasal and rectal route of 
administration are possible for midazolam. One of the 
most commonly used sedatives in children in a dentist 
office is oral midazolam (Manso et al. 2019). Because of 
its bitter taste, for children we often mix it with a sweet 
syrup. Oral administration is preferred in pediatric 
dentistry because it does not cause anxiety during mild 
and moderate conscious sedation (Kupietzky and Houpt 
1993, Manso et al. 2019). Other routes of administration 
used include intranasal or rectal application (Kupietzky 
and Houpt 1993). 

Children are most commonly treated in sedation. 
The typical group includes preschool children, who still 
exhibit some of the primary fears (Rantavuori 2008) and 
whose levels of communication and coping abilities are 
low (Alwin et al. 1991). The character and extent of 

intervention indicate their treatment. Children perceive 
tooth extraction as worse than tooth filling (Milsom et al. 
2003). Other often-performed procedures are surgical 
procedures such as a lingual frenectomy or the removal of 
supernumerary teeth, which are more time demanding. 
Without sedation, a child usually lacks the necessary 
patience. The other typical group of children treated in 
sedation includes “non-cooperating” children. These 
patients have usually undergone some intervention in the 
past which they subjectively perceived as traumatizing 
(Berge et al. 2002) and, as a result, do not cooperate 
during their next visits. Amnesia after sedation helps the 
child reestablish cooperation during following visits.  

The scale of non-cooperation, i.e. the fear of 
a child, can be measured by various validated 
questionnaires. The questionnaire is either completed by 
an independent observer, mainly a parent, or subjectively 
as a self-evaluation by the child itself. In the latter case, 
we often opt for picture questionnaires such as the 
Venham picture test (Venham and Gaulin-Kremer 1979). 
Methods for assessing fear can be categorized into 
behavioral assessment, psychomotor methods, projective 
techniques, and physiological methods using the 
evaluation of indirect markers of anxiety (heart rate, skin 
basal reaction, muscle tension, etc.). The child’s behavior 
is assessed using behavioral methods. The most 
frequently applied are clinical descriptions of behavior 
using the Frankl scale (Frankl et al. 1962) and Venham 
scale (Venham and Gaulin-Kremer 1979). The SEM scale 
is different (Wright et al. 1991): it assesses behavior as 
the sum of physiological parameters, i.e. sound 
expression (Sound), appearance of the eyes (Eye) and the 
child’s motor reactions (Motor) (Table 1). The stress 
reaction can also be assessed based on saliva cortisol 
levels and saliva α-amylase using laboratory methods 
(Duskova et al. 2017).  

 
 
Table 1. Behavioral SEM scale.  
 

Parameter Comfort Mild discomfort Moderate discomfort Severe discomfort 

Grade 1 2 3 4 
Sound no sound non-specific sound 

(probable pain) 
verbal complaint, louder 
sound 

verbal complaint 
shouting, crying 

Eye no sign dilated eye without tear 
(anxiety sign) 

tears, sudden eye 
movements 

crying, tears all over the 
face 

Motor relaxed body and 
hand status 

muscular contraction, 
contraction of hands 

sudden body and hand 
movements 

hand movements for 
defense, turning the head 
to the opposite side 
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The aim of this paper is to describe the effects of 
the administered sedative called midazolam on the levels 
of measured vital signs in children, and the occurrence 
and incidence of adverse effects. Also, the paper seeks to 
define the relationship between the intervention 
performed and the child’s behavior. With this study, we 
would like to respond to inconsistent practice in the 
administration of midazolam to children in the Czech 
Republic and to our colleagues’ concerns about possible 
complications during sedation. 
 
Material and Method 
 
Study characteristics  

This retrospective study monitored the effects of 
perorally administered midazolam with syrup to children 
in order to induce conscious sedation between May 2018 
and June 2019 at the Department of Pediatric Dentistry of 
the School of Medicine of 1st Faculty of Medicine of 
Charles University and General University Hospital in 
Prague. All participants´ parents signed an informed 
consent form on treating the child under conscious 
sedation, which included explanation of schedule of all 
examinations of vital signs and SEM score. We analyzed 
retrospectively these data, which were anonymized.  

 
Group characteristics 

During this 13-month period, there were a total 
of 465 sedations performed in children from 1 to 12 years 
of age. The exclusion criteria for the study was any kind 
of illness (controlled asthma, allergy, autistic spectrum 
disorder, attention deficit hyperactivity disorder, etc.). 
The reason was to avoid any possible drug interactions or 
the effects of the administered midazolam on the child’s 
behavior (Sekaninová et al. 2019). After the exclusion of 
children who did not meet the above mentioned criteria, 
of the 465 sedations we were left with 418 sedations 
performed on 272 children. For the average values and 
detailed characteristics of the whole group of  
418 sedations (139/51 % boys and 133/49 % girls, 
Table 2). Out of the 418 sedations performed,  
161 children needed only 1 sedation to complete the 
planned treatment, 82 children needed 2 sedations,  
23 children needed 3 sedations and 6 children needed  
4 sedations. First-time sedation was performed in 
272 children. 

 
Monitored values 

We monitored the following values: age of child 
at the time of sedation, gender, weight at the time of 

sedation (weighed at the Department of Pediatric 
Dentistry, the device used was an electronic bridge scale 
– the TSCALE FOX-II model RWP-3737-150M), 
administered dose of midazolam, willingness of the child 
to accept the medication, time of onset of the clinical 
effect, length of sedation, behavior during sedation (SEM 
scale, Table 1) (Wright et al. 1991), performed 
interventions, occurrence of paradoxical reaction, 
completion of the sedation, systolic blood pressure (SBP) 
and diastolic blood pressure (DBP) in 4 time intervals 
(before administering midazolam, right after the 
treatment performed under sedation, 30 min and 60 min 
after the treatment performed under sedation, measured 
by an MEC 1200 monitor, and all children by the same 
nurse), heart rate (HR) and oxygen saturation in the 
above mentioned 4 time intervals (measured by a pulse 
oximeter – Nonin Onyx Vantage 9590), presence of pain  

 
 

Table 2. Characteristics of the whole group (n=418).  
 

Whole group sedation Average 
value 

SD 

Age (years) 5.5 1.84 
Weight (kg) 20.7 6.02 
Dose (mg) 9.2 1.72 
Onset (min) 28.8 7.02 
Length of procedure (min) 23.5 6.55 
Behavior 6.6 2.89 
Number of fillings 1.9 1.56 
Number of extraction 0.7 1.09 
SBP before (mm Hg) 109.0 10.17 
DBP before (mm Hg) 64.8 7.74 
HR before 98.2 14.08 
SpO2 before 98.8 0.93 
SBP after (mm Hg) 107.3 10.43 
DBP after (mm Hg) 63.3 8.57 
HR after 107.5 14.68 
SpO2 after 98.6 0.82 
SBP 30 min (mm Hg) 107.5 9.16 
DBP 30 min (mm Hg) 64.1 7.08 
HR 30 min 98.3 12.11 
SpO2 30 min 98.5 1.07 
SBP 60 min (mm Hg) 107.4 7.80 
DBP 60 min (mm Hg) 62.9 6.59 
HR 60 min 94.8 11.42 
SpO2 60 min 98.7 0.71 

 
SpO2 – peripheral oxygen saturation, SBP – systolic blood 
pressure, DBP – diastolic blood pressure, HR – heart rate. 
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after sedation (asking the child directly) and the 
dmft/DMFT index of teeth. The decayed, missing and 
filled teeth index – dmft (for primary dentition)/DMFT 
(for permanent dentition), is the total number of teeth 
decayed, treated with fillings, or extracted in an 
individual due to carious destruction.  

 
Performing the sedations 

Sedations were performed according to the 
guidelines of the European Academy of Pediatric 
Dentistry (Guidelines on Conscious Sedation 2005) and 
the internal regulations of the General University 
Hospital (PP-VFN-065). All parents signed an informed 
consent form on treating the child under conscious 
sedation. The children did not eat or drink any unclear 
liquids 4 h prior to the procedure. Clear liquids could  
not be consumed later than 2 h before the procedure. 
During sedation, verbal contact was maintained and the 
child was also monitored visually by a dentist, who was 
performing the sedation. The administration of the 
medication (0.5 mg/1 kg of the bodyweight up to 
maximum dose 12 mg midazolam) was performed by 
a dentist with appropriate training in the recovery room, 
where the child was returned after the procedure was 
finished. The child stayed there for at least 2 h after the 
administration of the medication, monitored by a nurse 
and camera systems. In 9 children out of the  
465 sedations, the procedure was not successfully 
completed as planned owing to disruptive behavior, and  
5 children were administered flumazenil (Anexate) –  
an antidote to midazolam – owing to the occurrence of  
a paradoxical reaction. It was possible to discharge all 
children into home care after 2 h post administration of 
medication; there were no conditions requiring extended 
monitoring. All the following results refer only to the 
group of first-time sedations, i.e. the 272 first-time 
sedations. The average age was 5.5 years (SD=1.95), 
weight 20.7 kg (SD=6.02), 139 boys (51 %) and 133 girls 
(49 %); the administered dose was 9.2 mg (SD=1.72). 
The average dmft value in boys was 7.15 (SD=3.88),  
7.06 in girls (SD=3.72); there was no difference between 
the genders within this group. For more detailed 
characteristics of the group see Table 3. The aim of this 
study was to determine the effects of administered 
midazolam on the measured vital signs (arterial blood 
pressure, heart rate, and saturation) in children, 
specifically for the first-time sedation of a child, in order 
to rule out the effects of repeated sedation. We were also 
seeking to discover whether there is any significant 

relationship between the extent of decay, i.e. the 
dmft/DMFT value, and the child’s behavior during 
conscious sedation. 

 
Statistical evaluation 

With regard to the number of children, 4 groups 
were created according to individual procedures: one 
group with fillings, one group with extractions, another 
with prefabricated dental crowns and the final group with 
surgical intervention. For the quantitative data (age, 
weight, dose, SBP, DBP, HR, saturation, onset of action, 
duration of treatment, SEM score, number of fillings, and 
extractions), basic statistical characteristics were 
calculated, i.e. the average value and standard deviation. 
For the qualitative values (presence of pain and 
willingness to take midazolam), representation in each 
category was expressed in percent.  

For the statistical analysis of continuous data 
(SBP, DBP, HR, saturation), we used the paired t-test,  
two-sample t-test, and the nonparametric Mann-Whitney 
test for subgroups with the number of monitorings less 
than 15, analysis of variance (ANOVA), and analysis of 
variance with repeated measuring and group factor. Also, 
Pearson correlation coefficients were calculated to assess 
the correlation between selected parameters (correlation 
between the onset of effect and weight, onset of effect and 
dose, dose and SEM score, age and SEM score, HR and 
SEM score, SBP and SEM score, and DBP and SEM 
score). The difference in the distribution of relative 
frequencies among the groups was assessed by chi-squared 
test in contingency tables, more precisely in the case of 
small frequencies by Fisher’s exact test. All statistical tests 
were two-sided with a level of significance p<0.05. 
Calculations were made using Microsoft Excel 2010 and 
the statistical software BMDP in version 8.1 (BMDP 
Statistical Software, Inc., Los Angeles, USA). 
 
Results 
 

Firstly, we analyzed a total of 465 sedations 
performed between May 2018 and June 2019. We 
followed the occurrence of paradoxical reactions in the 
observed group. There were five, which represent 1.1 % 
out of the total of performed sedations. And then, we 
analyzed data of vital signs (saturation, systolic blood 
pressure, diastolic blood pressure, saturation and heart 
rate) during 418 sedations (Table 2). For detailed 
analysis, we selected only first-time sedations to do not 
have interference (experience with sedation, etc.). 
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Table 3. Characteristics of the first-time sedation group 
(n=272).  
 

First-time sedation 
Average 

value 
SD 

SBP before (mm Hg) 109.7 10.11 
DBP before (mm Hg) 65.2 8.20 
HR before 98.9 14.31 
SpO2 before 98.8 0.79 
SBP after (mm Hg) 108.1 10.68 
DBP after (mm Hg) 64.3 9.21 
HR after 107.2 14.81 
SpO2 after 98.6 0.83 
SBP 30 min (mm Hg) 108.4 9.59 
DBP 30 min (mm Hg) 64.2 7.39 
HR 30 min 98.6 12.37 
SpO2 30 min 98.4 1.07 
SBP 60 min (mm Hg) 107.4 8.01 
DBP 60 min (mm Hg) 63.4 6.82 
HR 60 min 95.3 11.52 
SpO2 60 min 6 0.76 

 
SpO2 – peripheral oxygen saturation, SBP – systolic blood 
pressure, DBP – diastolic blood pressure, HR – heart rate. 
 
 
Table 4. Characteristics of vital signs according to gender. 
 

First-time 
sedation 

Boys Girls 

SBP before/SD 108.8/10.08 110.8/10.06 
SBP after/SD 107.8/10.87 108.4/10.51 
SBP 30 min/SD 106.9/10.24 110.1/8.56 
SBP 60 min/SD 106.5/7.81 108.3/8.32 
DBP before/SD 65.7/8.36 64.6/8.05 
DBP after/SD 63.7/8.40 64.9/9.99 
DBP 30 min/SD 63.8/7.89 64.6/6.81 
DBP 60 min/SD 63.4/7.29 63.4/6.31 
HR before/SD 97.3/14.63 100.5/13.92 
HR after/SD 106.1/15.19 108.5/14.48 
HR 30 min/SD 98.8/12.16 98.4/12.68 
HR 60 min/SD 95.1/11.68 95.1/11.29 
SpO2 before/SD 98.9/0.77 98.7/0.81 
SpO2 after/SD 98.6/0.86 98.6/0.82 
SpO2 30 min/SD 98.5/0.82 98.4/1.28 
SpO2 60 min/SD 98.6/0.81 98.6/0.69 

 
SpO2 – peripheral oxygen saturation, SBP – systolic blood 
pressure, DBP – diastolic blood pressure, HR – heart rate. 

 

Vital signs 
The following was calculated for the values of 

vital signs in a group of 272 first-time sedations 
(Table 3). A significant decrease was demonstrated in 
systolic blood pressure (SBP, p=0.004), diastolic blood 
pressure (DBP, p=0.03), saturation (p<0.001) and heart 
rate (TF, p<0.001). We demonstrated a statistically 
significant decrease of 2.3 mm Hg in SBP after the 
administration of midazolam compared to SBP measured 
60 min after the treatment (p<0.001); there was no 
statistically significant difference between the other 
values. DBP had a statistically significant decrease by 
1.8 mm Hg in comparison with DBP measured 60 min 
after the treatment (p=0.002); there was no statistically 
significant difference between the other values. HR 
increased by 8.3 beats/min after administering midazolam 
compared to HR right after the treatment (p<0.001). 
30 min post treatment, HR remained the same as HR 
before the administration of midazolam, and HR-60 min 
post treatment decreased by 3.5 beats/min in comparison 
with HR-30 min post treatment (p<0.001). Saturation 
before administering midazolam was statistically 
significantly reduced by 0.35 % in comparison with 
saturation measured 30 min post treatment (p<0.001); 
among the other values, there was a 0.2 % difference in 
saturation values, which is a statistically significant 
difference. 

 
Differences in vital signs according to gender  

For changes in vital signs according to gender 
within the group of 272 first-time sedations, we 
demonstrated the following. To calculate the correlation 
of SBP, DBP, HR, saturation and gender, all 4 values 
were available in only 265 children (138 boys and 
127 girls, Table 4). This was because not every child 
allowed us to measure blood pressure in all 4 required 
intervals. Children under 3 years did not cooperate very 
well. The partial values measured were physiological; 
children communicated and the saturation and heart rate 
stayed within the normal range. There was a difference 
between average values of SBP in all 4 measured 
intervals in boys and girls (p=0.032); the trend shows 
a decrease in values over time for both genders; however, 
it is statistically insignificant. Average DBP and 
saturation did not differ between the genders at the 
measured intervals, and the trend showed values 
decreasing over time with no statistical significance. 
Average HR did not differ between the genders at the 
measured intervals, the trend was the same and 
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statistically insignificant. The speed of onset of the 
sedation effect did not correlate with weight (r=0.105) 
but with age (r=0.14, p<0.05) and dose (r=0.128, p<0.05), 
with the dose determined by the weight of the child. The 
dose did not correlate with saturation, and correlated 
negatively with HR in all measured times (r=-0.295,  
r=-0.309, r=-0.381, r=-0.371, p<0.05); the greater the 
dose, the lower the HR. The dose positively correlated 
with SBP in all measured time intervals (r=0.3802, 
r=0.1652, r=0.2088, r=0.2886, p<0.05), i.e. the greater 
the dose, the greater the SBP. It correlated positively with 
DBP, but only before the sedation (r=0.172, p<0.05) and 
did not correlate for the other times. 

 
Behavior 

To assess behavior, we used complete data from 
271 children, of which 139 were boys and 132 girls. We 
did not find any statistically significant difference in 
behavior scores between boys (average SEM=6.5, 
SD=2.83) and girls (average SEM=6.8, SD=2.94). Nor 
did we find any correlation between the presence of pain 
after sedation and behavior score, between the 
dmft/DMFT value and behavior score, the behavior score 
and saturation, or the behavior score and administered 
dose. On the contrary, we did demonstrate the following 
correlations: the younger the age, the higher is the SEM 
value (r=-0.272, p<0.05), the lower the dose, the higher 
the SEM (r=-0.227, p<0.05), and the shorter the 
procedure, the higher the SEM (r=-0.211, p<0.05). The 
SEM value in the measured intervals correlated with HR; 
the higher the behavior score, the higher the HR (r=0.134, 
r=0.398, r=0.296, r=0.205, p<0.05). SEM also correlates 
with SBP, where the value of SBP grows with the value 
of SEM; however, only for SBP right after the treatment 
(r=0.211, p<0.05). The same applied for DBP (r=0.149, 
p<0.05).  

We also studied the correlation between 
behavior and the performed procedure in selected groups, 
and the correlation between behavior and presence of 
pain after individual procedures (Table 5). There was 
a statistically significant difference in the presence of 
pain after treatment between children who had only had 
a filling and children who had only had tooth extraction 
(p=0.005), or only surgical intervention (p<0.001). 
Children who underwent an extraction or surgical 
intervention reported pain more often than the group who 
underwent a filling procedure. Then we compared the 
behavior of these 4 groups of children. Behavior during 
a surgical intervention was better than behavior during 

a filling procedure (p=0.008), during extraction 
(p=0.018), and then behavior when treated with 
a prefabricated dental crown (p=0.006). There was no 
statistically significant difference between behavior 
during a filling procedure and extraction, a filling 
procedure and a prefabricated dental crown procedure, or 
extraction and a prefabricated dental crown procedure.  

 
 

Table 5. Behavior related to the performed procedure (SEM 
scale). 
 

Performed 
procedure 

Number 
SEM 

average 
value 

SD 
Pain 
n/% 

Filling 110 6.7 2.85 1/0.9 
Extraction 39 6.8 3.06 5/12.8 
Prefabricated 
dental crown 

13 8.3 3.32 0/0 

Surgery 
intervention 

13 4.8 2.88 8/61.5 

 
 

We also assessed the correlation between the 
willingness of the child to receive midazolam and their 
subsequent behavior. There were 272 children who were 
first-time sedated and received midazolam; however, only 
271 were scored in SEM, therefore we calculated using 
271 values. A majority of the children (77.1 %) drank the 
midazolam after explanation and without any need for 
persuasion, 47 children (17.4 %) needed explanation and 
persuasion, and 15 children (5.5 %) were administered 
midazolam using a syringe after their parents had granted 
consent. For this correlation, we demonstrated 
statistically significantly higher values of SEM within 
the second and third groups (p=0.031 and p=0.023, 
respectively).  
 
Discussion 
 

In terms of adverse effects within the observed 
group, there were 5 paradoxical reactions, i.e. in 1.8 % of 
the children, which represents 1.1 % out of the total of 
465 performed sedations. Such a value corresponds with 
studies from abroad, which report a 1-2 % rate of 
paradoxical reactions when performing sedations (Uldum 
et al. 2008, Massanari et al. 2016). The incidence of 
paradoxical reactions depends on age: it decreases with 
increasing age (Roelofse et al. 1990), which is in line 
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with our findings, where 4 out of the 5 children were 
under 5 years old. We shall discuss the effects of 
administered midazolam on vital signs in children one by 
one. HR changes during the day, and therefore there is 
not a defined standard value, but rather a range given by 
interval between two values. This range is based on the 
age of the child, and in a preschool child heart rate may 
vary by 40-50 beats per minute (Behrman et al. 2004). 
The demonstrated change in units, although statistically 
significant, has no clinical significance. This finding 
corresponds with the results of foreign studies, where 
after the administration of midazolam, HR ranges within 
the normal limits (Tavassoli-Hojjati et al. 2014). 
4 children exceeded the upper limit of HR, which is 
160 bpm. These were preschool children belonging to 
national minorities having a language barrier, and their 
behavior reached the upper limits of the SEM score. This 
mirrors the fact that, although such values can be reached 
physiologically during crying and protective movements, 
there is not any life-threatening situation. 

Saturation remained above 95 % during the 
entire course of sedation, which is a clinically accepted 
value of blood oxygen saturation (Behrman et al. 2004) 
and corresponds with the clinical observation of studies 
from abroad which were conducted the same way and 
with the same dose of midazolam (Lourenço-Matharu and 
Roberts 2010). 

The statistically significant difference between 
SBP and DBP in boys and girls that we discovered 
corresponds with another study (Wang et al. 2012). The 
change of systolic blood pressure by 40-50 mm Hg due to 
excitement, crying and physical activity is considered 
physiological in children (Behrman et al. 2004). 
Therefore, the changes in terms of units of mm Hg that 
we measured, although statistically significant, have no 
clinical importance. Such changes in systolic pressure 
after the administration of midazolam correspond with 
results of studies from abroad (Wan et al. 2006). 
Diastolic blood pressure during the whole procedure 
corresponded with values based on age and height 
(O’Callaghan and Stephenson 2005). The standard 
deviation for diastolic blood pressure during the day  
is 9.5-9.7 mm Hg (Wang et al. 2012). Although the 
decrease of DBP by 1.8 mm Hg after administering 
midazolam is statistically significant, it has no clinical 
importance.  

The greater the dose of administered midazolam, 
the higher the SBP and DBP, and the lower the HR. The 
administered dose corresponds with weight, which 

depends on the age and height of the child. Because the 
blood pressure increases with age (Behrman et al. 2004), 
we are getting increased values of BP. Saturation, which 
does not correlate with weight, age or height of the child, 
does not change with dose. The reduction in HR depends 
on the amount of administered midazolam, and although 
statistically significant, it has no clinical importance. The 
value of HR did not fall below the lower clinically 
determined limit in any of the children. The speed of 
onset of the clinical effects of administered midazolam 
correlates with age, which affects the pharmacokinetics 
of midazolam (Spina and Ensom 2007). The speed of 
onset also correlates with dose. The higher the 
administered dose, the longer the onset. The dose is 
calculated per 1 kg of the child’s weight and, because the 
distribution volume increases with weight, the time of 
onset increases. The average time of onset that we 
recorded was 28.8 min, and this is in line with studies 
that report 30 min for the same dose (Damle et al. 2008). 
Regarding the effectiveness of the administered dose,  
i.e. the number of completed procedures (which was 
97.8 %), we are in keeping with the available studies 
(Manso et al. 2019). 

The dmft/DMFT value is 7.15 in boys and 7.06 
in girls and is nearly three times higher than reported in 
the last study conducted in the Czech Republic from the 
year 2012, where dmft = 2.44 (Lenčová and Broukal 
2012). This high value correlates with the level of fear, 
since the level of fear grows with the amount of decay 
(Torriani et al. 2014). Such non-cooperating children are 
then referred for treatment with pharmacological support 
to a facility with a higher specialization. The insignificant 
difference between the dmft/DMFT of boys and girls 
corresponds with foreign studies (Vanobbergen et al. 
2001). A detailed analysis of the high dmft/DMFT value 
was not among the aims of our study, and with regard to 
a retrospective assessment it was not possible. Factors 
that increase the risk of caries activity can be divided into 
biological (more Streptococcus mutans in the mouth, the 
fluoride background of the child) and psychosocial (the 
child’s attitude to oral hygiene, demographic data 
regarding care-givers, stress of the care-givers linked to 
expectations from their child, education, social class) 
(Quinonez et al. 2001). A closer analysis of, for example, 
taste preferences (Podzimek et al. 2018) in children 
treated under sedation would be interesting, as 
a preference for sweetness in early childhood results in 
children choosing sweet foods, therefore putting them at 
a higher risk of tooth decay. 
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Treatment under sedation using midazolam has 
an impact on cooperation and therefore the behavior of 
children. We did not discover any difference between the 
behavior of boys and girls, which is supported by the 
conducted studies (Peretz et al. 2014). Nor does behavior 
correlate with the administered dose, because the dose 
depends on weight and the weight on the age of a child. 
With age, behavior improves as communication skills 
improve. The fact that the youngest children have the 
highest SEM scores, i.e. show the highest rate of  
non-cooperation, is linked to their poor coping abilities 
(Alwin et al. 1991). Our results, just as those from abroad 
(Gomes et al. 2019), show that child behavior during 
sedation improves with age. The discovery that 
interventions with the highest SEM scores are the shortest 
correlates with clinical practice, where due to disruptive 
behavior we often perform only the most acutely needed 
treatments. Although the effects of midazolam cannot be 
easily predicted due to the variability of receptors for 
benzodiazepines, our study revealed that unwillingness to 
receive midazolam is one of the possible predictors of 
disruptive behavior. The available literature does not 
discuss this fact. With a growing SEM value, values for 
SBP, DBP and HR also increase. This is a physiological 
phenomenon: the more disruptive the behavior, the more 
the child moves and the effect of sedation is less 
pronounced. 

The presence of pain was more often reported by 
children who underwent extraction or surgical 
intervention. 2 groups of children are indicated for 
treatment under sedation: those who could not have their 
caries treated due to non-cooperation, and children who 
need to undergo a type of intervention for which they are 
not prepared in terms of developed coping abilities (e.g. 
surgical interventions) (Rantavuori 2008). The more they 
fear, the more they are sensitive to pain, as they lack the 
ability to cope with pain (Versloot et al. 2004). Best 
behavior is linked to surgical interventions other than 
extraction, which were performed in older children. This 
is associated with improved coping abilities and the 
natural reduction of primary fears with age (Chhabra  

et al. 2012). 
At this time, when the topic of treating children 

in dental surgeries is being widely discussed, our study 
presents the second largest and, at the same time, the only 
study among the available literature that describes the 
values of arterial blood pressure, saturation and heart rate 
in a comprehensive way over several time intervals. In 
terms of the number of children, the largest study comes 
from 2010 and included 510 children (Lourenço-Matharu 
and Roberts 2010). This cited study describes data from 
510 children treated over almost 30 months; we publish 
data from 272 children collected over the course of 
13 months.  
 
Conclusion 
 

The administration of midazolam led to 
a statistically significant decrease in arterial blood 
pressure, which was an expected phenomenon; however, 
such decrease is absolutely insignificant from the clinical 
viewpoint. Heart rate stayed within the physiological 
range for the given age categories. The size of the group 
is sufficient for our data to confirm that the 
administration of midazolam is safe even for children in 
younger age categories, and such treatment may be 
recommended. The speed of onset of the clinical effects 
of midazolam depends on the age of the child. The 
amount of paradoxical reactions corresponds with current 
studies published in literature. We did not demonstrate 
any significant correlation between behavior and the 
dmft/DMFT value. Unwillingness to receive midazolam 
is a predictor for non-cooperation during sedation. Older 
children demonstrate better behavior regardless of the 
performed procedure.  
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